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(54) Capillary array electrophoresis system 

(57) A capillary array electrophoresis system by 
which measurement is conducted using a large number 
of capillaries. The electrophoresis system includes a 
plurality of capillary array sheets 1 stacked one on top of 
another wherein end portions of the capillaries at a 
detection region are arranged two-dimensionally in 



such a manner as to elute two-dimensionally a sample 
from the distal end of each capillary. Excitation light is 
applied to the sample eluted into a buffer solution, and a 
two-dimensional fluorescent image is picked up by a 
detector 11a, 11b. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to application Serial No. s 
08/337,412 filed November 7, 1994 which is a continua- 
tion of application Serial No. 08/051,324 filed April 23, 
1993 the disclosures of which are incorporated herein 
by reference. 

w 

BACKGROUND OF THE INVENTION 

This invention relates to an electrophoresis system. 
More particularly, the present invention relates to a cap- 
illary array electrophoresis system which is suitable for 15 
analysis of f luorophore-tagged DNAs and organic com- 
pounds. 

As the need for DNA sequencing has increased 
there has been a tremendous desire for the develop- 
ment of high speed high through-put DNA sequencers 20 
and DNA analyzers. Fluorescence detection type elec- 
trophoresis systems using a slab gel as a separation 
medium have been conventionally used for DNA 
sequencing or DNA analysis. When the slab gel is used, 
however, there is a limit in increasing the analysis speed 25 
and through-put. Recently, a capillary array electro- 
phoresis system which is more suitable for obtaining a 
high speed high through-put system by aligning a large 
number of capillaries filled with gel has been proposed 
(Nature 359, 167-168, 1992, Nature 361, 565-566, 30 
1993). 

In the capillary array electrophoresis system, the 
capillaries in the array at a measurement portion are 
aligned in line and are irradiated with light. Fluores- 
cence emitted from the fluorophore-tagged DNA or 35 
organic compound is detected by scanning a detector 
relative to the capillaries, the detector being equipped 
with a photomultiplier with respect to the capillary arrays 
or by forming fluorescent spot images aligned in line on 
a detector by using a line sensor or an area sensor in 40 
combination with an imaging lens. 

Because the number of capillaries in a capillary 
array greatly affects the overall through-put, it is very 
effective to increase the number of capillaries in the 
array for improving the throughput. However, from a 45 
practical aspect such as handling, the maximum 
number of capillaries is 50 to 100. 

The system, in which the detector moves relative to 
the capillaries, uses a confocal fluorescence detection 
system in order to eliminate background fluorescence so 
from the capillaries. Therefore, the distance between 
the detector and the portion to-be-measured must be 
kept highly accurate during the scanning. In conse- 
quence, the scanning speed cannot be increased so 
easily, and the number of capillaries that are measured 55 
at one time is estimated as about 50. 

On the other hand, in the system which uses an 
imaging device such as a line sensor with a lens, the 
samples eluted from the capillaries aligned in line are 



simultaneously irradiated and detected. Therefore, 
unlike the scanning system described above, the prob- 
lem of the scanning speed does not exist in the imaging 
system. However, when the length of the fluorescence 
emitting region is long, which is in proportion to the 
number of capillaries, a reduced image must be formed 
on the detector which results in a drop of collected fluo- 
rescence. Ordinarily, the length of the detector is 16 to 
24 mm, a capillary diameter is about 0.2 mm and the 
intervals of the centers of the capillaries are about 0.4 
mm. To avoid sensitivity loss due to low fluorescence 
detecting efficiency, an image magnification should be 
at least about 1/2 and the number of capillaries that can 
be used in such a system is limited to a range of 80 to 
120 capillaries. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
capillary array electrophoresis system by which meas- 
urement is made using a greater number of capillaries. 

The above described object is accomplished by dis- 
posing two-dimensionally the end portions of capillaries 
in a detection region, causing a sample to elute from the 
end of each capillary into a two-dimensional plane, irra- 
diating the sample with light and receiving a two-dimen- 
sional fluorescence image by an area sensor from a 
direction facing to the cross-sections of the capillary 
ends. 

In other words, the capillary array electrophoresis 
system according to the present invention particularly 
provides an electrophoresis system which includes a 
plurality of capillary electrophoresis tracks, wherein the 
end portions of the capillary electrophoresis tracks are 
arranged two-dimensionally in a plane, an excitation 
light which irradiates samples separated in each capil- 
lary electrophoresis track, and a two-dimensional detec- 
tor for simultaneously detecting fluorescence resulting 
from irradiation of the samples by the excitation light. 
The capillaries are filled with gel or the like, and the exci- 
tation light irradiates the samples eluted from the capil- 
laries into the flow of the buffer solution. 

The system preferably further includes apparatus 
for applying excitation light in parallel with the plane 
described above in a state that end portions of the plu- 
rality of capillaries are positioned on substantially the 
same plane almost perpendicular to the capillary tubes 
at the terminus portion, and apparatus for forming a 
two-dimensional fluorescence image from a direction 
vertical to the plane described above and detecting the 
image. 

For the fluorescence detection of the samples, the 
samples are eluted in a flow of the buffer solution 
formed between the plane defined by the end portions 
of a plurality of capillaries and an optical window so 
placed as to face the plane and the detectors, and the 
samples are irradiated by excitation light to emit fluores- 
cence. Alternatively, the samples can be irradiated after 
being eluted from the capillary ends in a sheath flow 
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flowing in a direction of the extension of the axes of the 
capillaries. In this case, excitation light irradiates the 
sample passing through the plane substantially parallel 
to the plane which is defined by the end portions of a 
plurality of capillaries. 

More concretely, a capillary array electrophoresis 
system according to the present invention includes an 
optical cell including a buffer solution, an optical window 
in contact with a buffer solution and capillary array 
sheets on which end portions of a plurality of capillaries 
are aligned at predetermined intervals and fixed to a 
holder, an excitation light and a fluorescence detection 
system. The capillary array sheets are stacked in such 
a manner that the distal ends of the capillaries face the 
optical window. A buffer solution is caused to flow in a 
space between the distal ends of the capillaries and the 
optical window in the direction of the stack of the capil- 
lary array sheets. The excitation light irradiates along 
each of the capillary array sheets in such a manner as 
to cross the flow of a sample eluted from the capillary 
array into the buffer solution, and the fluorescence 
detecting system detects fluorescence emitted from the 
sample by a two-dimensional detector through the opti- 
cal window of the optical cell. The end portion of the 
holder facing the optical window is preferably chamfered 
at the corners of the surface opposite the surface on 
which the capillaries are disposed. 

Another embodiment of capillary array electro- 
phoresis system according to the present invention 
includes an optical cell including a buffer solution, an 
optical window in contact with a buffer solution and cap- 
illary array sheets on which end portions of a plurality of 
capillaries aligned at predetermined intervals are 
clamped by an upper holder and a lower holder, an exci- 
tation light irradiation system and a fluorescence detect- 
ing system. The capillary array sheets are stacked one 
on top of another. Each of the upper and lower holders 
of each capillary array sheet has a flat end surface and 
an edge portion protruding from the end surface and 
has a buffer solution flow path opening to the end sur- 
face. The edge portion of the holders are in contact with 
the optical window to make a space isolated for each of 
the capillary sheets. The excitation light irradiation sys- 
tem applies excitation light to the space separated for 
each of the capillary array sheets, and the fluorescence 
detecting system detects fluorescence emitted from 
samples by a two-dimensional detector through the 
optical window of the optical cell. The opening in the 
end surface of the buffer solution flow path of the upper 
holder communicates with the buffer solution inlet of the 
optical cell, and is preferably positioned on a substantial 
intermediate line of adjacent capillaries. 

Another embodiment of the capillary array electro- 
phoresis system according to the present invention 
includes an optical cell including a buffer solution inlet, a 
buffer solution outlet, a partition having a plurality of par- 
allel slits disposed between the buffer solution inlet and 
the buffer solution outlet, an optical window disposed 
substantially parallel to the partition with a predeter- 



mined gap and in contact with a buffer solution, capillary 
array sheets on which end portions of a plurality of cap- 
illaries are aligned at predetermined intervals and are 
fixed to a holder, an excitation light irradiation system 
5 and a fluorescence detecting system. The capillary 
array sheets are stacked one on top of another while the 
distal ends of the capillaries are inserted into the slits of 
the partition. The buffer solution flows from the buffer 
solution inlet in the axial direction of the capillaries 
10 through the slits of the partition, then passes through a 
space between the partition and the optical window and 
goes out from the buffer solution outlet. The excitation 
light goes through along the slits of the partition, and the 
fluorescence detecting system detects fluorescence 
75 emitted from a sample by a two-dimensional detector 
through the optical window of the optical cell. 

Excitation light can pass along the slits of the parti- 
tion. The capillary array sheets are damped by upper 
and lower holders each having grooves for causing the 
20 buffer solution to flow therethrough in the surface, and 
the distal end portions of the upper and lower holders 
can be inserted into the slits of the partition. The 
grooves for passing the buffer solution may be formed in 
the holder insertion surface of the partition instead of 
25 the holder of the capillary array sheets. 

The size of a fluorescence image can be greatly 
reduced by arranging the end portions of the capillary 
arrays two-dimensionally but not linearly. When, for 
example, two-hundred capillaries are aligned at 0.4mm 
30 pitch, the total length is 80 mm, but when the same 
number, that is, 200, of capillaries are arrayed in four 
sheets which are stacked at 1mm pitch, and in eight 
sheets which are stacked at the same pitch, the image 
sizes are 4 mm x 20 mm and 8 mm x 10 mm respec- 
35 tively, and accordingly the lengths of image are smaller. 
In order words, fluorescence detection can be made 
with a large fluorescence collecting angle and therefore 
a high collecting efficiency. 

Because the capillaries are disposed two-dimen- 
40 sionally, the number of capillaries in one capillary array 
sheet can be small and their handling is easier. The 
handling of the capillaries becomes even easier by 
using the capillary array sheet fixed on the holder and 
stacking such array sheets into a plurality of stages to 
45 form a two-dimensional capillary array. Because posi- 
tional accuracy of the capillaries can also be improved 
by stacking the array sheets, irradiation with excitation 
light can be carried out efficiently. 

Because the samples eluted from the capillaries 
so are carried by the flow of the buffer solution, the sam- 
ples eluted from a plurality of capillaries can be detected 
without mutual interference although the capillaries are 
arranged two-dimensionally. The flow of the buffer solu- 
tion is set in the axial direction of the capillaries and 
55 excitation light irradiates a position before each flow car- 
rying the samples is mixed. Alternatively, the buffer 
solution flows inside the space separated for each cap- 
illary array sheet and excitation light is applied. In this 
way, mutual interference of the samples eluted from a 



5 



EP 0 723 149 A2 



6 



plurality of capillaries can be completely prevented. 
When the buffer solution flows in a direction perpendic- 
ular to the axes of the capillaries, mutual interference of 
the samples eluted from the capillaries can be avoided 
by setting wide intervals between the capillary array 
sheets or by making a dead volume, between the adja- 
cent capillary array sheets, so as to promote diffusion 
and dilution of the samples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more apparent from 
the following detailed description, when taken in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is a perspecitve view showing an example of 
a capillary array sheet of the present invention; 
Fig. 2 is an explanatory view of a two-dimensional 
capillary array electrophoresis system of the 
present invention; 

Fig. 3 is an explanatory view showing an example 
of a fluorescence excitation-light irradiation system; 
Fig. 4 is a diagram showing light emission intensity 
and transmittances of a f luorophore and a dichroic 
mirror; 

Fig. 5 is a perspective view showing another exam- 
ple of the capillary array sheet of the present inven- 
tion; 

Fig. 6 is a detailed explanatory view of the capillary 
array sheet shown in Fig. 5; 
Fig. 7 is a partial enlarged view of an optical cell 
using the capillary array sheet shown in Fig. 5; 
Fig. 8 is an explanatory view showing the flow of a 
buffer solution; 

Fig. 9 is an explantory view of another emboiment 
of the two-dimensional capillary array electrophore- 
sis system; 

Fig. 10 is a partial enlarged view of Fig. 9; 
Fig. 11 is an explanatory view of a fluorescence 
excitation-light irradiation system using light emit- 
ting diode arrays; 

Fig. 12 is an explanatory view of a fluorescence 
detecting system using an image splitting prism; 
Fig. 13 is an explanatory view showing still another 
example of the capillary array sheet of the present 
invention; 

Fig. 14 is a partial enlarged view of an optical cell 
using the capillary array sheet shown in Fig. 13; 
and 

Fig. 15 is an explantory view of an apparatus for 
injecting DNA, etc., directly from a thin slice of tis- 
sue into capillaries and carrying out the measure- 
ment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the present invention will be explained 
in detail with reference to features of the present inven- 



tion forming various embodiments of the present inven- 
tion as illustrated in Figures 1-15. 

Fig. 1 shows a first embodiment of a capillary array 
sheet 1 formed by aligning a large number of capillaries 
s and retaining them in a sheet form. Each capillary is 
made of quartz and has an inside diameter of 0.1 mm 
and an outside diameter of 0.2 mm. The length of each 
capillary is 30 cm, and a polyacrylamide gel (5%T, 
4%C) is charged in the capillary. The composition of the 
10 gel inside the capillary can be changed in various ways 
depending on the application. The distal end portions of 
twenty-four capillaries on the right side are aligned and 
held by a capillary holder 2 made of a 1 .5 mm-thick 
stainless steel sheet, and a 0.1 mm-thick polyethylene 
15 terephthalate capillary array cover 3 is placed on the 
holder 2 and is bonded to the cover 3. The corners of 
the surface opposite to the capillary holding surface at 
the distal end portion of the capillary holder 2 are cham- 
fered as shown in the drawing. 
20 Fig. 2 is a schematic view of a capillary array elec- 
trophoresis system produced by stacking a plurality of 
capillary array sheets shown in Fig. 1 into a two-dimen- 
sional array. The capillary array sheets 1 held by the 
capillary holders 2 are stacked into four stages at inter- 
ns vals of 3 to 5 mm inside an optical cell 1 7 and are fixed 
in such a manner that the distance between the distal 
end portions of the capillaries and a quarto window 6 for 
fluorescence detection is from about 0.2 mm to about 
0.3 mm. A buffer solution inlet 4 is defined at the upper 
30 portion of the optical cell 1 7, and a buffer solution flows 
from above to below inside the space between the distal 
end portions of the capillary sheets and the quartz win- 
dow 6 for fluorescence detection at a linear velocity of 
about 0.1 to about 0.5 mm/sec and flows out from a 
35 buffer solution outlet 5 disposed at the lower portion of 
the optical cell. An electrode 14 is disposed in a buffer 
solution flow path. 

DNA fragments labeled with various fluorophores 
are held in sample wells 15 of a titer plate 7 having 96 
40 holes, and each fragment is injected electrophoretically 
into each capillary of the capillary array. As shown in 
enlargement in the circle of Fig. 2, electrophoretical 
injection is carried out by placing a sample injection end 
of the capillary array into each well 1 5 of the titer plate 7 
45 and applying a voltage of 8 kV for about 5 seconds 
between the sample 16 and the other end of the capil- 
lary through an electrode 13 disposed at the bottom of 
the well 15 and an electrode 14 disposed in the optical 
cell 17. The electrode on the sample side may be 
so inserted from above the titer plate into the sample well 
15 together with the sample injection end of the capil- 
lary without fixing it to the bottom of the sample well 15. 

After the injection of the sample, the sample injec- 
tion end of the capillary is taken out from the titer plate 
55 and is immersed into the buffer solution, not shown, and 
a voltage of about 5 kV is applied between the electrode 
immersed in the buffer solution and the electrode 14 of 
the optical cell 17 so as to create an electric field of 100 
V/cm to 200 V/cm. The DNA fragments migrate inside 
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the capillary from the left side to the right side in the 
drawing, and the DNA fragments separated in accord- 
ance with their lengths are eluted from the right ends of 
the capillaries into the buffer solution of the optical cell 
1 7 and then move down while being carried by the flow 
of the buffer solution. 

Laser beams are applied to the buffer solution path 
between the capillary holder 2 and the quartz window 6 
for fluorescence detection from a direction orthogonal to 
the liquid flow (direction crossing the sheet of the draw- 
ing in Fig. 2) as shown in Fig. 3. The laser beams outgo- 
ing from two laser beam sources 21 , 22 having mutually 
different emission wavelengths are caused to alter- 
nately pass through the same optical path by a chop- 
ping wheel 23 having alternately light reflection portions 
and light transmission portions. The laser beams pass 
through light transmission windows 26, 27 provided in 
the sides of the optical cell 17, are then turned back by 
an optical member 24 for difracting light such as a gold 
evaporated mirror or prism, pass through portions 
located 0.5 to 1 mm below each capillary array 1 and 
are finally absorbed by an optical trap 25. 

The laser beam passing below each capillary array 
1 excites the DNA labeled with a fluorophosphor at a 
laser irradiation portion 12 designated by symbol X in 
Fig. 2 and generates fluorescence. The fluorescence 
generated from the labeled fluorophosphoreis collected 
by a lens 8, passes through a filter 29 for cutting out the 
excitation light and is separated according to the wave- 
length by a dichroic mirror 9. Images are formed on two- 
dimensional detectors 11a, 1 1b by lenses 10a. 10b. 

The DNA fragments eluted from the capillary array 
are carried by the flow of the buffer solution and then 
pass in front of the end portions of other capillary 
arrays. However, because the DNA fragments are dif- 
fused in the buffer solution and are sufficiently diluted 
before they reach the position in front of the adjacent 
capillary array, they do not hinder the detection of the 
DNA fragments eluted from the adjacent capillary array. 
The buffer solution staying in the space defined by the 
chambered portions of the capillary holder 2 assists this 
diffusion and dilution of the DNA fragments eluted. 

In DNA sequencing, the DNA fragments are labeled 
with four different kinds of fluorophores in accordance 
with A (adenine), C (cytosine). G (guanine) and T (thym- 
ine) of the base species at 3' terminus, and measure- 
ment is made by wavelength separation. Although there 
are various fluorescence detection methods with wave- 
length separation, a method in which an Ar+ laser beam 
having a wavelength of 488 nm and a He-Ne laser beam 
having a wavelength of 594 nm are alternately applied 
and a dichroic mirror 9 having transmission wavelength 
characteristic shown in Fig. 4 and two-dimensional 
detectors 11a, 11b are used. "FITC" (fluorescein isothi- 
ocyanate, emission wavelength of approx. 520 nm), 
"JOE" (trade name, emission wavelength of approx. 545 
nm), "Sulforhodamine 101" (emission wave length of 
approx. 615 nm) and "Cy-5" (trade name, emission 
wavelength of approx. 667 nm) are used as te labeling 



fluorophores. Hereinafter, they will be referred to as 
T1 \ "F2 M "F3" and "F4" from the shorter wavelength 
side of the emission wavelengths. 

The fluorophores F1 and F2 can be efficiently 
5 excited by an Ar+ laser, and the fluorophores F3 and F4 
are excited by an He-Ne laser. On the other hand, the 
dichroic mirror 9 transmits the fluorescence from F2 and 
F3 and mainly reflects the beams emitted from F1 and 
F4. Therefore, the beam from F1 is directed to the 
10 detector 1 1b and the beam from F2, to the detector 1 1 a, 
during the irradiation with an Ar' laser beam. The beam 
from F4 is directed to the detector 11b and the beam 
from F3, to the detector 11a, during the irradiation with 
an He-Ne laser. A filter 29 for cutting out the excitation 
15 beam, disposed in a light reception optical path, can be 
a color glass filter which cuts out a beam of a wave- 
length of 488 nm and transmits the beams on a longer 
wavelength side and a notch filter which cuts out the He- 
Ne laser beam. In this way, the DNA fragments eluted 
20 from each capillary of the capillary array can be sepa- 
rated and detected. 

A light emitting diode array, a laser diode array, etc. 
can be used as the excitation beam source. In this case, 
the optical path need not be folded by a reflecting mirror, 
25 or the like. When a high intensity laser beam source is 
used, the laser beam may be sequentially split into a 
plurality of parallel laser beams by using a plurality of 
beam spliters. 

Besides the excitation beam irradiation method and 
30 the fluorescence detection method described above, 
known arbitrary methods can of course be employed. 

Figs. 5 and 6 show a second embodiment of a cap- 
illary array sheet. As shown in Fig. 5 which is an overall 
perspective view, the capillary array sheet 30 in this 
35 embodiment is produced by aligning and holding forty 
capillaries each having an inside diameter of 0.1 mm 
and an outside diameter of 0.2 mm between two capil- 
lary holders 31 and 32 made of stainless steel and hav- 
ing a thickness of 2 mm, at a pitch of 0.4 mm. Referring 
40 to Fig. 6 which shows the distal end portion in enlarge- 
ment, the end face of each holder 31 , 32 has a protrud- 
ing edge portion 34, 35, and the distal end portion of the 
capillary array 30 is exposed from a groove-shaped por- 
tion sandwiched between these two protruding edge 
45 portions 34, 35. Lines of holes 36 and 37, each of which 
has a diameter of 0.2 mm and serves as a buffer solu- 
tion flow path, are so dispose in the upper and lower 
holders 31 , 32 as to open to the groove-shaped portion. 
The flow paths 36 provided in the upper holder 31 are all 
so connected to one buffer solution inlet 38 formed in the 
direction of the arrangement of the capillary array inside 
the holder, and the flow paths 37 provided in the lower 
holder 32 all communicate likewise with one buffer solu- 
tion outlet 39 formed in the direction of the arrangement 
55 of the capillary array. 

As shown in Fig. 7, in this embodiment, a plurality of 
capillary array sheets 30 of the invention are stacked in 
the optical cell in a state that the protruding edge por- 
tions of the end faces thereof are in close contact with 
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the quartz window 6 for fluorescence detection. The 
DNA fragments labeled with various fluorophores 
respectively are electrophoretically injected into the 
sample injection ends of the capillary arrays, and 
migrate inside the capillaries when a voltage is applied 
between the electrode disposed in the buffer solution, in 
which the sample injection end is immersed, and the 
electrode disposed in the buffer bath for sheath flow. 
The DNA fragments eluted from the tip of each capillary 
array are carried by the flow of the buffer solution intro- 
duced from the buffer solution inlet 38 disposed in the 
upper holder 31 and flowing out from the buffer solution 
flow path 36. In the interim, the DNA fragments are irra- 
diated with the laser beam travelling in the groove- 
shaped portion at the holder end portion by an excita- 
tion light irradiation system similar to the one shown in 
Fig. 3, and generate fluorescence. The fluorescence 
generated passes through the quartz window 6 of the 
optical cell and is measured by a fluorescence detecting 
optical system similar to that of Embodiment 1 . After the 
measurement of fluorescence, the DNA fragments flow 
out from the buffer solution outlet 39 through the buffer 
solution flow paths 37 disposed in the lower holder 32. 

The positional relationship of the distal end of each 
capillary in the capillary array sheet 30 with the buffer 
solution flow paths 36 formed in the upper holder 31 and 
the buffer solution flow paths 37 formed in the lower 
holder 32 is as follows. As shown in Fig. 8, the outlet of 
each buffer solution flow path 36 is advantageously 
interposed between two adjacent capillaries and the 
inlet of each buffer solution flow path 37 is advanta- 
geously aligned with the position of each capillary. 
According to such an arrangement, the buffer solution 
flows out in such a manner as to spread from the hole 
36, and the samples eluted from the capillaries are 
retained in the flow of the buffer solution spreading from 
both sides of the capillaries and are prevented from dif- 
fusing. Therefore, the samples can reach the laser irra- 
diated portion while keeping a high concentration. 

However, the arrangement shown in Fig. 8 is 
advantageous but is not always necessary, and the flow 
inlet and outlet may be disposed in alignment with the 
position of each capillary or may be disposed at random 
without alignment with the position of each capillary. 
Alternatively, a slitlike flow inlet or a slit-like flow outlet 
may be formed by connecting all the outlets of the flow 
paths 36 of the upper holder 31 or all the flow inlets of 
all the flow paths of the lower holder 32. 

Further, only one of the protruding edges portions 
34, 35 of the end face of the capillary array sheet 30 
may work instead of providing the protruding edges for 
both of the upper and lower holders. 

According to this embodiment, the DNAs eluted 
from a plurality of capillary array sheets can be simulta- 
neously measured, avoiding completely the possibility 
of interference that a sample eluted from one capillary 
array sheet affects the detection of samples eluted from 
other capillary array sheets. 



Next, an embodiment of the present invention 
wherein a sheath flow of the buffer solution is formed in 
the direction of the axis of the capillary on the sample 
elution side will be explained. Fig. 9 is a schematic sec- 
5 tional view of a two-dimensional capillary array electro- 
phoresis system according to this embodiment and Fig. 
1 0 is a detailed view in the proximity of the right end por- 
tion of the capillary. 

A capillary sheet 40 produced by aligning and hold- 
to ing forty capillaries each having an outside diameter of 
0.2 mm and an inside diameter of 0.1 mm on a 1 mm- 
thick stainless steel capillary holder 41 at a 0.4 mm pitch 
is inserted into an optical cell 17. In this embodiment, 
eight capillary sheets are stacked at intervals of 0.5 mm. 
is The sheet pitch is 1 .5 mm. In other words. 320 capillar- 
ies are accommodated in a region of 16 mm x 12 mm. 
The sheet pitch can be 0.5 mm and in such a case, 960 
capillaries can be accommodated. 

The each capillary end to protrude by a distance of 
20 5 mm from the end portion of the capillary holder 41. 
and a capillary array cover is placed on the array to fix 
them with glue. The sheet-like capillary array is inserted 
into a slit 43' provided in a fixing plate 43 made of stain- 
less steel. The slit has a width of 0.2 mm and a length of 
25 16 mm and its entrance side for the capillary array is 
tapered so that the capillary array can be easily 
inserted. 

A quarts intermediate plate 44 having a thickness 
of 0.3 mm is provided 1 mm apart from the ends of the 
30 capillaries. In the quartz intermediate plate 44, small 
holes 45 having a diameter of 0.2 mm or slits are pro- 
vided at intersections of the extended lines of the capil- 
laries. A 1 mm-thick quartz optical window 6 for 
fluorescence detection is 2mm apart from this plate. 
35 The thickness of the capillary sheet inclusive of the cap- 
jllary array cover is about 1 .3 mm, and the sheath solu- 
tion flows from the 0.2 mm gap between the sheets. The 
buffer solution flowing into the optical cell 17 from the 
buffer solution inlet 4 flows through the small holes 45 
40 bored in the intermediate plate 44 into the region 47 and 
flows out from the buffer solution outlet 5. The interme- 
diate plate 44 serves to form the sheath flow with each 
capillary being the axis. 

In order to make the sheath flow smooth, quartz 
45 plates 48 for partitioning the sheets are disposed on the 
capillary end side between 1he sheets 40. Slits 49 are 
provided in the sheet partition quartz plates 48 at posi- 
tions corresponding to the capillary array sheets. The 
quartz plate 48 and the fixing plate 43 described above 
so may be made integrally with each other of a single 
quartz plate. 

Users are used as the excitation source, and the 
laser beams go through inside the slits 49 formed in the 
quartz plates 48 from the side of the optical cell. At this 
55 time, the laser beams are turned back by an optical sys- 
tem similar to the one shown in Fig. 3 whenever one 
capillary sheet is irradiated, and all the positions 12 
shown by black circles in Fig. 10 and located in front of 
the elution side of the capillary array sheets 40 and 
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spaced 0.5 to 1 mm apart therefrom are simultaneously 
irradiated. A light emitting diode array or a laser diode 
array may be used as the light source as shown in Fig. 
11. 

Fluorescent spot images arranged into a two- 
dimensional matrix can be obtained by the irradiation of 
the excitation beam and are detected by two two-dimen- 
sional detectors through the optical window 6 in the 
same way as in the foregoing embodiment. It is also 
possible to increase the gap between the capillary array 
sheets (1 .5 mm in this embodiment), to form two-dimen- 
sional fluorescent spot images having deviated image 
focusing points by an image splitting prism 60 shown in 
Fig. 12, and to receive the images by one two-dimen- 
sional detector. Filters 61 , 62 having suitable transmis- 
sion wavelength bands are disposed on the optical path. 

The optical cell 1 7 may be rotated by 90 as a whole 
so that the quartz window 20 faces down. In such a 
case, the seal at the capillary sheet inlets for preventing 
buffer leakage from the optical cell becomes easier. 

Though the end portions of the capillary arrays pro- 
trude from the capillary holder in the embodiment 
described above, the ends of the capillary arrays 70 
may be sandwitched by two chamfered capillary holders 
71 and 72 as shown in Fig. 13. The chamfered end por- 
tions of these capillary array sheets are inserted into 
and fixed to the grooves made in the fixing plate 43 as 
show in Fig. 14. According to this structure, because the 
end portions of the capillary array do not protrude, the 
possibility of crashing the capillaries during handling is 
low, also the assembly of the system is easier. The 
buffer solution flows through the grooves 73. 74 formed 
in the surface of the holder and flows into the slits 76 
provided in the fixing plate 43. The buffer solution may 
be caused to flow through slits 76 through fine grooves 
provided in the surface of the fixing plate 43 instead of 
forming the grooves 73, 74 in the surface of the holder 
71,72. 

The two-dimensional capillary array electrophore- 
sis system according to the present invention is not lim- 
ited to the improvement of the through-put by 
constituting a large number of capillaries into an array. It 
is biologically important to measure the distribution of 
m-RNA over a thin sliced tissue by hybridizing fluoro- 
phore-tagged DNA probe with m-RNA in the tissue. In 
this case, a fluorescence microscope has been exclu- 
sively used conventionally, but a large number of DNA 
probes must be detected simultaneously. The prior art 
technology observes several kinds of probes at most by 
changing the color taggs on the probes. If a large 
number of probe species can be distinguished by 
changing the lengths of the DNA probes, a large 
number of DNA probes can be simultaneously meas- 
ured, and the present invention can be effectively uti- 
lized for such an application. 

Fig. 1 5 shows an embodiment of the present inven- 
tion for addressing the above described application. 
Unlike the foregoing embodiments, the capillary arrays 
80 are held vertically. The upper portions of the capillar- 



ies each having an inside diameter of 0.1 mm and an 
outside diameter of 0.2 mm are arranged most densely. 
The lower portions of the capillaries are arranged in a 
similar shape, too, but the intervals are twice so as to 

5 measure and discriminate the fluorescent signals from 
the capillaries. A thin slice of tissue 81 hybridized with 
the DNA probe is placed in contact with the upper end 
faces of the capillaries, and DNA probes leaving from 
m-RNA in the tissue by raising temperature are electro- 

10 phoreticatly injected into the capillaries 80. This electro- 
phoretic injection is carried out by placing filter paper 
with the buffer solution on the slice of tissue 81 , putting 
the electrode on this filter paper and applying a voltage 
between this electrode and the electrode provided in the 

is buffer solution in which the lower end portions of the 
capillaries are immersed. 

The DNA probes are injected into the capillaries 
dose to the position where they are hybridized inside 
the tissue and are separated by gel electrophoresis. 

20 The lengths of the DNA probes are changed in accord- 
ance with their kinds, and their kinds can be identified 
from the electrophoresis times. The hybridization posi- 
tions inside the tissue can be known from the position of 
the two-dimensional fluorescent image. The optical cell, 

25 the excitation-beam irradiation system and the fluores- 
cent detecting system which have been all explained in 
the foregoing embodiments can be used. 

Using this embodiment, the object which is distrib- 
uted two-dimensionally can be measured, while keep- 

30 ing its two-dimensional distribution information. This 
can be applied to the distribution measurement of DNA 
collected on an oligo-chip on which the probes are 
arranged two-dimensionally. 

According to the present invention, an extremely 

35 large number of capillaries are arranged into arrays and 
a large number of fluorophore-tagged DNAs can be 
analyzed without deteriorating the sensitivity. In other 
words, an extremely large number of fluorescent spot 
images can be detected without the drop of the sensitiv- 

40 ity due to reduction of the images by arraying two- 
dimensionally the capillary arrays. 

While the present invention has been described in 
detail and pictorially in the accompanying drawings it is 
not limited to such details since many changes and 

45 modifications recognizable to those of ordinary skill in 
the art may be made to the invention without departing 
from the spirit and the scope thereof. 

Claims 

50 

1. A capillary array electrophoresis system compris- 
ing: 

a plurality of capillary array sheets (1) each 
having arranged in a single row a plurality of capil- 
55 lary electrophoresis tracks, wherein terminal ends 
of said plurality of capillary array sheets are stacked 
one on top of another; 

an excitation light which irradiates samples 
near said terminal ends; and 
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a two-dimensional detector (11a, 11b) for 
detecting fluorescence emitted from said samples. 

2. A system according to claim 1 , wherein said plural- 
ity of capillary electrophoresis tracks are filled with 
a gel. 

3. A system according to claim 1 or 2, wherein said 
terminal ends of said plurality of capillary electro- 
phoresis tracks of each capillary array sheet (1) lie 
on substantially the same plane, and 

wherein said system further comprises: 
means (21 - 27) for irradiating said light from 

said excitation light in parallel with said plane; and 
means (8, 9. 10a, 10b. 11a, 11b) for forming 

a two-dimensional fluorescence image from a 

direction perpendicular to said plane and detecting 

said image. 

4. A system according to any of claims 1 to 3, wherein 
said samples are eluted into a flow or buffer solution 
and said excitation light irradiates said samples 
eluted in said buffer solution. 

5. A system according to claim 4, wherein the flow of 
said buffer solution is formed between a plane 
formed by said terminal ends of said plurality of 
capillary electrophoresis tracks and an optical win- 
dow (6, 43. 44) which is disposed opposite said 
plane, said optical window having small holes to 
permit the flow of said buffer solution from said ter- 
minal end into said optical window, therein said 
sample is eluted into said buffer solution and is f lu- 
orescently detected. 

6. A system according to claim 4, wherein the flow of 
said buffer solution is formed between a plane 
formed by said terminal ends of said plurality of 
capillary electrophoresis tracks and an optical win- 
dow (6, 43. 44) which is disposed opposite said 
plane, said optical window having small hoes to 
permit the flow of said buffer solution from around 
said terminal end into said optical window, wherein 
said sample is eluted into said buffer solution and is 
f luorescentiy detected, then flows out from the hole. 

7. A system according to any of claims 4 to 6, wherein 
said buffer solution is caused to flow in an axial 
direction of said plurality of capillary electrophore- 
sis tracks so as to form a sheath flow flowing in the 
axial direction of said capillary electrophoresis 
tracks, and light from said excitation light source 
irradiates said sheath flow region. 

8. A system according to any of claims 4 to 7, wherein 
light from said excitation light source (21 , 22) irradi- 
ates said sample passing along a plane substan- 
tially parallel to said plane formed by said terminal 



ends of said plurality of capillary electrophoresis 
tracks. 

9. A capillary array electrophoresis system compris- 
5 ing: 

a plurality of capillary array sheets (1) each 
having a plurality of parallel electrophoresis tracks, 
wherein end portions of said plurality of capillary 
array sheets are stacked one on top of another; 
io an excitation light which irradiates samples 

separated by said plurality of capillary electrophore- 
sis tracks; and 

a two-dimensional detector (11a, 11b) for 
detecting fluorescence emitted from the irradiated 
15 samples. 

10. A system according to claim 9, wherein said plural- 
ity of capillaries are filled with gel. 

20 11. A system according to claim 9 or 10. wherein the 
end portions of said plurality of capillaries in a sheet 
lie on substantially the same plane, and said sys- 
tem further comprises: 

an apparatus (21-27) for applying excitation 
25 light in parallel with said plane; and 

an apparatus (8, 9, 10a, 10b, 11a, 11b) for 
forming a two-dimensional fluorescence image 
from a direction perpendicular to said plane and 
detecting said image. 

30 

12. A system according to any of claims 9 to 11, 
wherein said excitation light irradiates samples 
eluted into a flow of buffer solution from a plurality of 
capillaries. 

35 

1 3. A system according to claims 1 0, 1 1 or 1 2, wherein 
the flow of buffer solution is formed between a 
plane formed by the end portions of said plurality of 
capillaries and an optical window (6, 43, 44) having 

40 small holes for the outflow of the buffer solution, 
and a sample eluted into the buffer solution is fluo- 
rescently detected. 

14. A system according to any of claims 10 to 13, 
45 wherein buffer solution is caused to flow in the axial 

direction of said plurality of capillaries so as to form 
a sheath flow flowing in a direction of the extension 
of the axes of said capillaries, and said excitation 
light irradiates said sheath flow. 

50 

15. A system according to any of claims 10 to 14, 
wherein said excitation light irradiates a sample 
passing by a plane substantially parallel to a plane 
formed by the end portions of said plurality of capil- 

55 laries. 

16. A capillary array electrophoresis system compris- 
ing: 

an optical cell (17) including a buffer solution 
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inlet (4), a buffer solution outlet (5). and an optical 
window (6) in contact with a buffer solution; 

a plurality of capillary array sheets (1) each 
having a plurality of capillaries having end portions 
which are aligned at predetermined intervals, and s 
being fixed to a holder (2), 

an excitation light; and 

a fluorescence detecting system (8, 9, 10a, 
10b. 11a, 11b), 

wherein said capillary array sheets are w 
stacked in such a manner that said end portions of 
capillaries of said capillary array sheets face said 
optical window, a buffer solution flows in a space 
between said end portions of said capillaries and 
said optical window disposed in a direction perpen- 75 
dicular to the stack of said capillary array sheets, 

wherein said excitation light is introduced 
from a direction in parallel to the edge of a capillary 
array sheet in such a manner as to cross a sheath 
flow of said buffer solution, and 20 

wherein said fluorescence detecting system 
detects fluorescence emitted from said sample by a 
two-dimensional detector through said optical win- 
dow of said optical cell. 

25 

17. A capillary array electrophoresis system compris- 
ing: 

an optical cell (17) including a buffer solu- 
tion, and an optical window (6) in contact with said 
buffer solution; 30 

a plurality of capillary array sheets (1) each 
having a plurality of capillaries on which end por- 
tions of capillaries in each capillary sheet are 
aligned at predetermined intervals and clamped by 
an upper holder (31) and a lower holder (32); 35 

an excitation light irradiation system (21 - 
27); and 

a fluorescence detecting system (8, 9, 10a, 
10b. 11a. 11b), 

wherein said capillary array sheets are 40 
stacked one on top of another to face said optical 
window, each of said upper and lower holders of 
said capillary array sheets has a flat end surface 
and an edge portion (34, 35) protruding from said 
end surface and has a buffer solution flow path 45 
opening (36. 37) to said flat end surface. 

wherein said edge portion of said holders 
are in contact with said optical window and define a 
space separated for each of said capillary array 
sheets. so 

wherein said excitation light irradiation sys- 
tem applies excitation light to said space separated 
for each of said capillary array sheets, and 

wherein said fluorescence detecting system 
detects fluorescence emitted from a sample by a 55 
two-dimensional detector (11a, 11b) through said 
optical window of said optical cell. 



1 8. A system according to claim 1 7, wherein said open- 
ing (36) in said end surface of said buffer solution 
flow path of said upper holder (31) is positioned on 
a substantial intermediate line of adjacent capillar- 
ies. 

19. A capillary array electrophoresis system compris- 
ing: 

an optical cell (17) including a buffer solution 
inlet (4), a buffer solution outlet (5), a partition (43, 
44, 48) having a plurality of parallel slits (49) and 
disposed between said buffer solution inlet and said 
buffer solution outlet, and an optical window (6) dis- 
posed substantially parallel to said partition mem- 
ber at a predetermined distance in contact with a 
buffer solution; 

a plurality of capillary array sheets (1) each 
having a plurality of capillaries on which end por- 
tions of capillaries in each capillary sheet are 
aligned at predetermined intervals and fixed to a 
holder (41); 

an excitation light irradiation system (50); 

and 

a fluorescence detecting system (8, 9, 10a, 
10b, 11a, 11b), 

wherein said capillary array sheets are 
stacked one on top of another while distal ends of 
said capillaries are inserted into said slits of said 
partition, wherein said buffer solution flows from 
said buffer solution inlet in the axial direction of said 
capillaries through said slits of said partition, then 
passes through a space between said partition and 
said optical window and is discharged from said 
buffer solution outlet, 

wherein said excitation light irradiation sys- 
tem applies excitation light in a direction of said slits 
of said partition, and 

wherein said fluorescence detecting system 
detects fluorescence emitted from a sample by a 
two-dimensional detector (11a, 11b) through said 
optical window of said optical cell. 

20. A system according to claim 19, wherein said exci- 
tation light passes through said slits (49) of said 
partition member (43, 44, 48). 

21. A system according to claim 20, wherein the capil- 
laries of each of said capillary array sheets (1) are 
clamped by an upper holder (71) and a lower holder 
(72) each having grooves (73, 74) for causing said 
buffer solution to flow along the surface thereof, and 
distal end portions of said upper and lower holders 
are fitted into said slits of said partition (43, 44, 48). 
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